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MULTl-CYCLli, KNGINE B WAKING WITH open near the end of the power strokes of the associated 

POSITIVE POWER VALVE ACTUATION piston after as much work as possible bas been extracted 

CONTROL SYSTEM AND PROCESS FOR from the combustion products in the cylinder. Ilje piston is 

USING THE SAME again moving away from the valves and the cylinder prcs- 

5 sure against which the exhaust valves must be opened is 

FIELD OF THE INVENTION again relatively low. (Once opened, the exhaust valves are 

The present invention relates .ener.lly to the field of S nVr^'l'ij^r^rn?.H^'°^^ subsequent exhaust 

compreLon release engine retard" rs for internal combus- S^ct ov^^ 

• . , . , ■ . . . ^ . lOTCc to overcome the cxhausl valve return sprinc force.) 

aon engmes. In particular, u relates to n method for mcreas- four cycle internal combustion engines, conventionally 

mg die retardmg power of the retarder by genera tuig two „e outfitted with either mechanical or hvdro mecha^^^^^^^^^^ 

brakmg events, one per engine revolution, for each cyhnder intake and exhaust opening systems. Tliese systen^ mav 

of the engine "two cycle braking." More specifically, the include a combination of camshafts, rocker anns and push 

invention mvolves modifying the cam and rocker arms on a rods that operate synchronously with the engine's crankshaft 

overhead cam engine to provide a dedicated cam lobe for rotation. ITie timing of the valve openings is fixed in 

braking, fn addition, the classic compression release retarder relationship to the position of the crankshaft by direct 

housing is eliminated and the compression release retarder is mechanical connection of the valve actuating system with 

associated with the rocker arms. the crankshaft. In any cylinder, of a multi-cylinder internal 

The exhaust valves of a typical internal aimbuslion combustion engine, intake and exhaust valve openings and 

engine open at least once during its two-strokc or four-stroke closings in conjunction with the fuel mixture and either 

cvcle. A second opening of the exhaust valves can be ign^ion or fuel injection, are predetermined to provide 

introduced on the compression stroke to achieve additional optimum positive power over a range of engine speeds. This 

^ compression release retarding. The present mvenlion elimi- ^ T^T '^f ' 7'^"'^"' "^'^ 

M oales the first exhaust valve opening on the normal exhaust w?^^^ '^^^'^ ' 

O stroke and substitutes a compression release event later in ficT <^ombustion engine is Ulusirated m 

Ls, the exhaust stroke. In addition, the opening of the intake " -i-u^ «f* r i • i u • 

« , r • « I t . u ir r j_ . 1 he crankshatt ot a tour-cvcle internal combustion eneme 

s . ! valve IS delayed, to increase ihc elTcciivencss ol the second .u.„,.^u -r-^no u • ' • T 

Ui . ^ 1 . . .u 1 1- I. u I rotates through 720 during one series ot its tour strokes 

^ compression release event, at the end ol the cxhausl slrokc. /: ^ ■ l , . x T-I.. 7 

Tu \. ^, . J u u- J • L- compre.ssion, expansion, exhaust and intake). FIG. I 

•«-- The present mvenlion can also be combined wiih exhausi a^^:.,^ .iT. u- u . u • ^ , 

T.. • 1 . ... u ^ depicts the relationships between the oiston and va ves 

^ gas recirculation on either the compression or exhausi u ■ • -.i. .u ■ . . ^ ' ^i^/ ' 

^ .,1. u .u . r .L 1- beginning wiih the pislon at top dead ccntcrrTDC) of the 

^ strokes, or both, to further enhance retarding power. ^.^X,.,r-cc;^„ « u ,u .u i C , 

OJ . , comprcs-Mon jstroke 5. Both the mtake and exhaust valves are 

lliis provides a number of benefits, including: increased do.sed. and remain closed during mosl of ihe expansion 

retardmg power, reduced cost, and ftirthcr integration of the stroke wherein the piston is traveling awav from the cylinder 

M. compression release retarder with the design of the engine head (i.e., the volume between the cylinder head and the 

m overhead. Furthermore, under positive power the present „ piston head is increasing). Fuel is burned during the expan- 

- invention provides greater control over the operation of the sion stroke and positive power is delivered bv the engine As 

mtake valves and the exhausi valves. This provides for the piston reverses direction at the end of the expansion 

improved fuel economy, emissions and optimized pcrfor- stroke, the exhaust valve opens, illustrated as 7 in FIG 1 and 

p mance over the complete engine speed range. combustion gases are forced out of the cyhnder as the pislon 

M= BACKGROUND OF THE INVENTION exhaust TOC 6. Just prior to the exhausi 

IDC, the intake valve opens, illustrated as 8 in FIG. 1. 

With many engines it is desirable to have both a positive Immediately after the exhaust TDC. the exhausi valve 

power mode of operation (in which the engine produces closes, and air or fiiel mixture is drawn into the cylinder 

power for such purposes as propelling an associated vehicle) chamber through the intake valve as the pislon travels away 

and a braking mode operation (in which the engine absorbs 45 from the cylinder head. The intake valve closes when the 

power for such purposes as slowing down an associated pislon is near the or in the proximity of the hirihesi distance 

vehicle). It is well known thai a highly effective way of from the cylinder head. Subsequently, both the intake and 

operating an engine in braking mode is to cut off the fuel exhaust valves are closed, and the compression su-oke 

supply to the engine and to then open the exhaust valves in begins bringing the piston 10 I'DC and the four cycle repeals, 

the engine near top dead center of the compression strokes 50 FIG. 2 illu.siratcs ihe required intake and exhau.si valve 

of the engine cylinders. 'Iliis allows air that the engine has openings that occur when an internal combusiion engine 

compressed m its cylinders to escape 10 the exhaust sysiem oi^eratcs in a braking mode (i.e., as a compressor wherein the 

of the cngme before the engine can recover the work of compressed air is evacuated at the viciniiv of TDC 

compressing the air dunng the sub.sequent "power" strokes compression). FIG. 2 also illustrates engine piston motion, 

of ihc engine pistons. ITiis type of engine braking is known 55 During the brakiuo mode, no fuel is behig .supplied to the 

as compression release engine braking. engine. As a resuli", only air is being comp^e.s.sed during the 

It takes a great deal more force to open an exhaust valve compre.s.sion stroke. FIG. 2 depicts the normal intake and 

to produce a compression release event during compre.ssiou exhaust valve openings (i.e., during positive power) during 

relea.se engine braking than to open either an intake or the exhausi and intake strokes of the pi.sion. Additionally, an 

exhaust valve during positive power mode operation of the 60 exhaust valve opening 9 is .shown immediaiclv lx;forc the 

engine. During po.sitive power mode operation the intake completion of the coniprcssion slrokc and .subsequent to the 

valves typically open while the pLsion is moving away from closing prior to the beginning of the exhaust .stroke. Tlierc 

the valves, thereby creating a low pre.'i.surc condition in the arc other options. Tliis is just one example of an exhaust cam 

engine cylinder. Tlius the only real resistance to intake valve operated compression release brake. Engine braking is 

opening is the force of the intake valve return spring which 65 achieved thiring ihc compression stroke and ihe evacuation, 

normally hokis the intake valve closed. Similarly, (hiring by way of thc ndded exhaust valve opening, of the conv 

positive power mode operation the cxhan.si valves typically pressed nir imtnediaiely following. 
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The aforementioned process described compression 
release engine braking. The addiiional exhaust valve open- 
ing is achieved by adding components that actuate ao 
exhaust valve independently from the normal actuating 
mechanisms. This is typically achieved by actuating the 
lifting mechanism of the exhaust valve by way of a second- 
ary hydro-mechanical system that can be deactivated when 
the engine is operating in its positive power mode. lo 
summary, the secondary system lifts the exhaust valve, at an 
appropriate lime, and docs not interfere with, nor interrupt, 
the normal valve lifting mechanism, and is inactive during 
positive power operation. Timing of the secondary system's 
valve lifting is usually derived from the activation of ao 
adjacent cylinder's nomial intake or exhaust valve's opening 
or the injection actuation mechanism. A aeighboring 
cylinder, wherein a valve opening occurs nearest to the 
desired time for the active cylinder's exhaust valve opening 
is chosen. This approach, deriving timing from an adjacent 
cylinder's normal operation, eliminates the need for the 
secondary system to contain its own liming control. 

The most common type of engine brake derives its motion 
from the injccior cam of the same cylinder. 

Conventional single-cycle engine braking systems have 
inherent limilaiions. These limilaiions arc introduced pri- 
marily hy ( I ) secondary valve actuating systems derive there 
timing from an adjacent cylinder's normal valve opening 
liming via hydromechanical links; and (2) secondary sys- 
tems do not interrupt tlie normal opening and closing of the 
cylinder intake and exhaust valves during positive power. 
The first circumstance generally results in a sub-optimum 
realization of the full engine braking potential. This occurs 
because the liming and duration of the exhaust valve open- 
ing to vent the cylinder al the completion of the compression 
braking stroke is Qxed by uo adjacent cylinder's normal 
timing or injector liming of that cylinder during valve 
opening duration. The second circumstance prevents 
exploiting a second compression braking cycle because the 
exhaust valve is open during the exhaast stroke. Otherwise, 
the second cycle is available for compression braking. 
Consequently, a system that lakes coniroi of ihe actuation of 
the cylinder intake and exhaust valves enables or disables 
their opening. This can optimize engine performance in an 
engine braking mode. 

Other internal combu.stion engine limitations have 
emerged in the thirty years since engine braking technology 
has been introduced Emission controls, turbo-chargers, and 
exhaust braking have alfected the performance of engine 
braking. The net effect is a reduction in conventional engine 
braking performance, particularly at low speeds when the 
turbo-charged air volume, available for compression, is 
small. During the same lime, demand and reliance on 
conveniional engine braking has increased. A further moii- 
valion for improved engine braking performance has 
emerged. 

Engine retarders of the compres.sion release-type are 
well-known in the an. Bnginc retarders arc designed to 
convert, at least temporarily, an internal combustion engine 
of either ihe spark-igniiion or compression-ignition type into 
an air compressor. In doing so, the engine develops retarding 
horsepower to help slow the engine down. Iliis can provide 
the operator increased control over the vehicle, and substan- 
lially reduce wear on the service brakes of the vehicle. A 
properly designed and adjusted compression rclcasc-iypc 
engine retarder can develop retarding horsepower that is a 
sub.siantial portion of the operating horsepower developed 
by the engine on positive power. 

A compression release-type retarder of this type supple- 
ments the braking capacity of the primary vehicle wheel 



4 

braking system. In so doing, it extends ,sub.siantiaUy the life 
of the primar\' (or wheel) braking system of the vehicle. The 
basic design for a compression release engine retarding 
.system of the type involved with this invention is disclosed 
5 in Cummins, U.S. Pai. No. 3,220.392. 

The compression relea.sc-iype engine retarder disclosed in 
the Cummins '392 patent employs a hydraulic control 
system. ITie hydraulic control system of typical compression 
release -type engine retarders used prior to the present inven- 
tion engage the valve uciuaiion system of ibe engine. When 
the engine is under positive power, the hydraulic control 
syslem of a typical compression release engine retarder is 
disengaged from Ihe valve control system. When compres- 
sion release-type retarding is desired, the fuel supply is 
^5 slopped and the hydraulic control sysiem of the compression 
release brake causes the compression release brake to 
engage ihc valve control .system of the engine. 

Compression release-lype engine retarders typically 
employ a hydraulic system in which a master piston engages 
20 the valve control or injector sysiem of the engine. When the 
retarder is activated, a solenoid valve allows lube oil to fill 
a hydraulic circuit which actuates the master piston which is 
hydraulically connected to a slave piston. The motion of the 
master piston controls ihe motion of the slave piston, which 
25 in turn lypically opens the exhaust valve of the internal 
combustion engine at a point near the end of the compres- 
sion stroke. In doing .so, ihe work that is done in compress- 
ing the intake air cannot be recovered during the subsequent 
expansion (or power) stroke of the engine. Instead, it is 
.^0 dissipated through the exhaust. By dissipating energy devel- 
oped from the work done in compressing the intake gases, 
the compression release-iype retarder dissipates energy from 
the engine, slowing the vehicle down, 
'llie master piston in typical compression release engine 
.15 retarders of the type known prior to (he present invention is 
typically driven by a push lube that is conirolled by the 
engine camshaft. The force required lo open the exhaust 
valve is iransmiiied back through the hydraulic sysiem to the 
push lube and the camshaft. Historically, it has been desir- 
40 able to minimize modification of the engine, as many 
compression relea.se-iype retarders were installed as after 
market items. Accordingly, a push lube that otherwise moves 
at a point in the engine cycle close to the desired lime to 
operate the compression release engine retarder was lypi- 
45 cally selected for actuating the master piston, la some cases, 
an exhaust valve push tube associated with another engine 
cylinder was .selected. In yet other cases, it was convenient 
to use the fuel injector cam lobe or push tube associated with 
the cylinder that was undergoing ihe compression event, ll 
50 is also possible to u.se an intake valve push lube. 
Additionally, there are other ways to operate the master 
piston. 

Regarc!le.s.s of the specific aciiiatioii means chcsen, inher- 
ent limits were impo.scd on operaiion of the compression 

55 release-lype retarder based on the allowable loads on the 
engine. A number of mechanical factors have hi.storically 
imposed limitations: the icmpcramre of critical engine parts, 
such as valves; the scaling velocity of the valves; push tube 
loads; cam stress; the power available from the compression 

60 release retarder to overcome the instantaneous cylinder 
pressure at the point of opening and a variety of other 
factors. Typically, it is desired to open the compression 
release-type engine retarder as late in the engine cycle as 
possible. In this way, the engine develops a higher decree of 

65 compression, allowing mure energy to be dissipated through 
the compression release retarder. Delaying the opening of 
Ihe exhau.st valve in the' compression release event lo a point 
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later in the compression stroke, however, also increased 
substantially the loading placed on critical engine compo- 
oenis. 

Safety, reliability and environmental demands have 
pushed the lechnology of compression release engine retard- 
ing significantly over the past 30 years. Compression release 
retarding systems are typically adapted to a particular engine 
in order to maximize the retarding horsepower that could be 
developed, consistent with the mechanical limitations of the 
engine system. In addition, over the decades during which 
these improvements were made, compression rclcasc-typc 
engine rctarders garnered substantial commercial success. 
Engine manufacturers became more willing to embrace 
compression release retarding technology. Compression 
release-type retarders have continued to enjoy substantial 
and continuing commercial success in the marketplace. 
Accordingly, engine manufacturers have been more willing 
to make engine design moditicaiions. in order to accommo- 
date the compression release-type engine reiarder, as well as 
to improve its performance and elEciency. 

In addition to these pressures, significant environmental 
pressures have forced engine manufacturers to explore a 
variety of new ways to improve the etficicncy of their 
engines. These changes have forced a number of engine 
modifications. Engines have become smaller and more fuel 
efficient. Yet, the demands on retarder performance have 
often increased, requiring the compression release-type 
engine retarder to generate greater amounts of retarding 
horsepower under more limiting conditions. A variety of 
ancillary equipment arc currently employed on dicsel type 
engines, including turbo-chargers, silencers, exhaust brakes, 
waste gale controls, electronic controls, sensors and oihcr 
collateral apparatus. 

Similarly, in an effort to secure greater performance, an 
engine may have a lurbochargcr. Another method of vehicle 
engine retarding has included the use of any device that 
causes a restriction in the turbo, or in which a restriction is 
imposed in the exhaust manifold, increasing the back pres- 
sure on the engine and making it harder for the piston to 
force gases out of the cylinder on the exhaust stroke. During 
the past decades many engine manufacturers, and operators, 
have used an exhaust restriction method on a turbo-charged 
engine in combination with a compression release-type 
retarder. ITie use of the exhaust restrictor, however, essen- 
tially "kills" the boost available from the turbo -charger, 
dramatically reducing the amount of air delivered to the 
engine on intake. ITiis, in turn dramatically worsens com- 
pression release-type engine brake performance. Combina- 
tion braking does result in an overall increase in retarding 
due to the practical effect of getting more air into the 
cylinder. 

As the market for compression rcleasc-iypc engine rctard- 
ers has developed and matured, these multiple factors have 
puslied the direction of technological development lownrd a 
number of goal.s: .securing higher retarding horsepower from 
the compression release retarder, increasing mid-range per- 
formance and variable retarding capability; working with, in 
some cases, lower masses of air deliverable to the cylinders 
through the intake system; and the inter-relation of various 
collateral or ancillary equipment, such as: turbo-chargers; 
and exhaust brakes. In addition, as the market for compres- 
sion relen.se engine retarders has matured and moved from 
the after-market to original equipment manufacturers, 
engine manufacturers have shown an increased willingness 
to make design modifications to their engines that would 
increase the performance and reliability, and broaden the 
operating parameters, of the compres.sion release-type 
engine retarder. 



In addition, various techniques to improve the efficiency 
of the engine on positive power — and thereby reduce 
emission.s — have also been incorporated into engines. 
Among the techniques that have been investigated is the 
recirculation of a certain portion of the exhaust gases 
through the engine to attempt to achieve more complete 
burning of the exhaust gases: exhaust gas recirculation. 

Various manufacturers have incorporated exhaust gas 
recirculation systems into their engines. In some instances, 

10 these have been done to achieve exhaust gas recirculation 
for environmental reasons. In other instances, it has been 
done to add additional charge to the cylinder that is under- 
going the compression release retarding event. Ueno, Japa- 
nese laid open Patent Publication No. Sho 63\1988-25330 

15 (published Feb. 2, 1988), for Exhaust Brake Equipment for 
Internal Combu,siion Engine .specifically discloses adding an 
additional cam lobe to open an exhaust valve at the end of 
the intake stroke or the starting part of the compression 
stroke. The engine described by Ueno also is equipped with 

20 an exhaust brake so that the back pressure in the exhaust 
manifold is significantly higher than the pressure in the 
cylinder. At thai point, the exhaust gas recirculation event 
occurs forcing valve opening at the end of intake and/or 
beginning of compression. Consequently, higher pressure 

25 exhaust air from the exhaust manifold flows into the 
cylinder, increasing the amount of air in the cylinder during 
the succeeding compression stroke. The greater amount of 
gas in the cylinder at the beginning of the compression 
stroke generates increased retarding horsepower. 

^() Vulvo has also employed exhaust gas recirculation. 
Gobert et al, U.S. Hat. No. 5.146,890 for Method and a 
Device for Engine Braking a Four Stroke Internal Combus- 
tion Engine, discloses the addition of an exhaust gas recir- 
culation lobe on the cam. ITie engine has for each cylinder 

\5 at least one inlet valve and at least one exhaust valve for 
controlling communication between a combustion chamber 
in the cylinder and an iniei sy.stem and an exhaust system, 
respectively, lite arrangement also establishes communica- 
tion between the combustion chamber and the exhaust 

on system in conjunction with the exhaust stroke and also when 
the piston is located in the proximity of its bottom-dead- 
cenier position after the inlet stroke and during the latter part 
of the compression stroke and during at least part of the 
expansion stroke. Communication of the combustion cham- 

45 ber with the exhaust system is effected upstream of a 
throttling device provided in the exhaust system, this throt- 
tling device being operative to throttle at least a part of the 
flow through the exhaust system during an engine braking 
operation, therewith to increase the pressure upstream of the 

50 throttling device. ITie exhaust gas recirculation lobe on the 
Volvo cam, however, is at a different cam timing than the 
exhau.st gas recirculation of the present invention. Moreover, 
nothing in the Volvo '890 patent leaches or suggests two- 
cycle braking. 

55 In a typical four-stroke internal combustion engine, the 
intake rocker arm and exhau.st rocker arms have dedicated 
cam lobes. Historically, engine manufacturers have been 
reluctant to modify their engine configurations to provide a 
dedicated cam lobe for the compression release-type brake. 

60 In addition, on fuel injected engines, the fuel injector 
requires additional space on the cam .«ihafl for the fuel 
injector cam lol^e. lliis configuration has historically limited 
the amount oi space available to provide additional cams to 
actuate the compre.ssion relca.se brake system. Tlic avail- 

i>S ability of a dedicated cam for the compression release brake 
system wnuld simplify and improve the operation, 
reliability, and performance of the compression release-type 
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braking sysicm. Insufficieni space has typically been avail- 
able on I he cam shaft, however, lo accomplish thai objective. 

Recently, some manufacturer have begun manufacmring 
engines with two overhead cam shafts. This provides a 
greater overall amount of space along the cam shaft to use 5 
cams to directly actuate engine component;. For example, 
one engine manufacturer has recently adopted a dual over* 
bead cam shaft design. In the new engine, the fuel injector 
cam is located on a separate cam shaft, to provide n greater 
cuniacl length along the cam to operate the fuel injector. This 
frees additional space along the second valve actuation cam 
shaft to provide cams that are dedicated lu the operation of 
the compression release-type brake. It is in this type of 
situation that the present invention has particular applica- 
tion. As embodied herein, the pre.sent invention uses a 
dedicated cam to directly actuate a rocker arm for the 
compression release-type engine rctarder, thereby eliminat- 
ing pu.sh tubes and other a.ssociated hardware. Tliis simpli- 
fies installation and maintenance of the brake and improves 
its reliability by reducing the number of parts that are 
susceptible 10 failure and, in particular, particularly high 
stress parts such as push tubes. 

In addition, some engine manufacturers have aiiempied to 
redesign the overhead of the engine to employ a dedicated 
compression brake cam. For example, certain model engines 25 
feature overhead cam shafts. Engine manufacturers have 
redesigned the overhead of certain of its engine models to 
incorporate a dedicated brake cam compression release. For 
example Vitiorio. U.S. Pal. No. 5,586,531 assigned to Cum- 
mins Engine Company discloses an engine retarder cycle for 30 
an engine in which the exhaust valve is opened earlier during 
the compression stroke than previously contemplated. Vit- 
torio discloses beginning the ripening of a retarder valve in 
an engine cylinder during a second half of a compression 
stroke of a piston in the engine cylinder. By opening the 35 
retarder valve earlier, the cylinder pressure is not allowed to 
build to as high a level as previou.sly attained. The retarder 
valve is opened to a maximum displacement prior 10 a lop 
dead center position of the piston. The retarder valve is then 
closed during the first half of the expansion stroke of the 40 
piston. Reedy et al., U.S. Pat. No. 5,626.1 16, assigned to 
Cummins Engine Company discloses a dedicated rocker 
lever and cam assembly for a compression braking sysicm. 
The Reedy dedicated rocker lever and cam assembly oper- 
ates according to the method described in the Viiiorio '531 45 
patent. The braking system includes an independent exhaust 
valve actuator assembly having a braking mode rocker lever 
and a cam lobe for imparting movement 10 the exhaust valve 
when the engine is operated in the braking mode. 

'Ilie present invention is a significant improvement on this 50 
type of design, llie present invention uses the dedicated cam 
lobe to etfect two-cycle braking and exhaust gas 
recirculation, in order to provide additional retarding power 
from the engine. The above-described method and device do 
not anticipate two-cycle braking. 55 

Sickler, U.S. Pat. No. 4,572,114 is one example of an 
early effort to develop a fully integrated, high performance, 
two-cycle compression release-type brake. Sickler 's '114 
patent di.scloses a process and apparatus for the compression 
release retarding of a multi-cylinder four cycle internal 60 
combu.siion engine. The process provides a compression 
release event for each cylinder during each revolution of the 
engine crankshaft in which the normal motion of the exhaiLst 
and intake valves is inhibited and the exhaust valves are 
opened bricHy at each lime (he engine piston approaches the 65 
top dead center position. The intake valves arc opened after 
each opening of the exhaust valves. The apparatus includes 
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a hydraulic assembly driven by the engine pash-lubes which 
produces a timed hydraulic pulse adapted to open the 
exhaust and intake valves at the proper lime. Hydraulically 
actuated means arc provided to disable the valve crasshead 
or rocker arm so as to inhibit the normal motion of the 
valves. I'he process and apparatus disclosed by Sickler is too 
involved and has not been commercially developed. 

Another method that has been employed 10 attempt to 
achieve greater eflBciency and performance from compres- 
sion release engine braking systems is to attempt to achieve 
-two-cycle" engine braking. Essentially, the engine brake in 
a typical compression release -type engine retarder operates 
on only one stroke of a four-stroke engine, namely, at the end 
of the compression stroke near top dead center. It has long 
been theorized that greater braking performance could be 
achieved by aitcmpiing to initiate two compression release 
events per engine cycle during braking operation. Aitcmpis 
have been made to do so but none of those attempts has yet 
to produce a commercially viable engine braking system that 
achieves increased performance. These devices, however, 
were too complicated with high manufacturing costs and 
low reliability. Furthermore, the others have not taken their 
development efforts far enough to develop technology for an 
engagement device for an overhead cam engine. 

One of the principle limitations in achieving effective 
two-cycle engine braking occurs with a cam shaft operated 
valve train in a four-cycle engine. Tlie iioriual exhaust valve 
motion must be disabled in order lo retain ihc gases in the 
cylinder and achieve braking on a second stroke of the 
engine, when opening the exhaust valve before the second 
TDC which is the normal exhaust stroke TDC. Prior lo this, 
new air has to be admilied lo the cylinders before the second 
compression release event occurs. Olhersvise, the air simply 
exits through the exhaust valve on the exhaust stroke. Tlie 
ability lo add u second cylinder fill event prior lo the second 
braking event is also challenging. No prior engine braking 
systems of which the present inventors are aware have been 
able lu overcome these two limilalioas and achieve an 
effective second braking event. 

None of these methods, however, provide solutions to 
certain of the problems of compression release- type retard- 
ing. First, none of the.se prior systems disclose, teach, or 
suggest how to achieve reliable, effective iwo-cycle braking 
while actuating the valves, namely, without using a 
"bleeder" lype brake. Second, none discloses, leaches, or 
suggests how to optimize the actuation of the exhaust valve 
during the intake and compression strokes in order to 
achieve the highest possible retarding horsepower from the 
compression release event without exceeding the mechani- 
cal limits of the engine. In addition, none of these methods 
discloses, leaches or .suggests any method for the use of 
exhaust gas recirculation to regulate the exhaust pressure in 
the exhaust manifold least of all in the context of two-cycle 
braking. 

Prior compression release -type brakes arc typically opti- 
mized at the rated speed of the engine, '['ht engine, however, 
is not alway.s operated at its rated speed and, in fact, is 
frequently operated at significantly lower speeds. Tht adver- 
tised retarding performance based on the rated speed cannot 
be achieved when operating at lower engine .speeds called 
mid range. It is therefore highly desirable to provide a 
method for controlling the braking systems and better tuning 
them to the speed al which the engine is operating. Ihis is 
not po.ssihle with most prior methods, including those dis- 
cussed above. 

There remains ^ significant need for a method for con- 
trolling the actuation nf the exhau.si valves in order to 
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increase the elTcciivcncss of and optimize the compression It is another object of the present invention to provide a 

release engine retarding. Further, there also remains a sig- controlled intake and exhaust valve actuating system for 
nificant need for a system that is able to perform that both engine braking and positive power operating modes, 
function over a wide range of engine operating parameters u is another object of the present invention to provide a 
and conditions. In particular, there remains a need to "tune" 5 controlled two-cycle braking system that is reliable and 
the compression release-type rclarder system in order to robust over the entire operating range of the engine speeds 
optimize Its performance at lower operating speeds than the i, :e ,„^,u^, «f .k . • „ 

rated snecd of the enaine » i» ^ It is another object of the present invention 10 provide an 

rated speed otlhc engine. apparatus that is capable of providing a second engine 

In spite ot the existence of the substantial incentives and braking cycle, 
prior work to develop effective two-cycle braking, none of 10 a a.^.k!, ^u;^^, .u . ... 

the known efforts to do so have been successfi^l. THere col^ctl S cl« ,1^^^^^^^^^ mvent.on ,s to .megrate the 
remains a significant need for an effective two-cycle braking ^brn^rnf L^^T "^^^ <^°"'P°i'='«* 
cci..^ ,k„ ,4„ - . ■ J . I 'ne balance of the engine overhead design o secure greater 

system that provides greater increased retarding power, n ^^..^^ develop a tiorc completl "ftiU 

addition, providing effective two-cycle braking essentially authorilv" valve actuation system 
requires assuming control of the valves from the valve train 15 • 

over a greater range of the engine braking cycle. There SUMMARY OF THE INVENTION 

remains a significant need in the field for the invention to t„ ^^^.^^^ „ ,u • r ^ 

u- .L- 1 , * . u ' ' r . In response to this challence, the inventors of the oreseni 

achieve this valve control. Agam, however, m .spite of the .•nvpnn'r.n h^^r^ Ha,.<.i««^^ • "i i- ui ^ 

^„k^t^«»,-,i ^ .u . a • i_ invention nave developed an innovative and reliab e svsiera 

be^n ?bL rn these systems, no effective systems have apparatus to achieve multi-c^•cle valve actuation in both 

been able to produce this valve control, let alone in both 20 ^ ^^.^.^^ ^^^^ applications 

positive power and engine braking operation. 1, . ^. ^ 

•11,- «.-™. ;« 1 -u 1 innovative svsicm achieves the obicctivcs. and ocr- 

Ine present invention describes a process and apparatus .-^^ tu. '» ^ c . i^^, auu p^i 

O that accomplishes both goals. It enables effective two^vclc l^h c L ? ^"""T" ' ''^^''^"^ ' 

Q braking to occur. The present invention is usable in milti- "^^t 't , vh f ^^^^^^ustion engine's convcntiona 
n cylinder engines having one or more intake valves and one :5 ^^^^^ 't^^^''''' T^''""^ '^'''"^ "^^^ ' 

or more exhaust valves per cvlinder. The present invention " "'^^"f system. The mnovaiive system ^ specifi- 

W achieves essentiallv two-cvcle' engine braking and is capable "^^^ ^""'^ ^"^^^"^ ""T^^^^ 

,f| of assuming control of ;alve aauation in both positive ^^^T^^^ and exhaust valves 

S power and engine braking operation. ""'^Z^' T I J '"^^^ 

^ ^ ^ ^ ,0 equipped engines there is sufficient room on the valve 

ff\ OBJECTS OF THE INVENTION camshaft to add the brake rocker arm actuating cam, as well 

^ It is therefore an object of the present invention to provide ^ sufficient room on the head deck and rocker arm shaft to 

f effective two-cycle braking. accommodate the new brake rocker arm. 

1=^ Another object of the present invcniion is to provide present invention is directed to nn apparatus for 

111 greater valve control through a broader range of crank angle P^^'f^rmmg muUi-cycle engine braking. The apparatus 

^ of valve motion than prior known svstcms. includes means for operating at least one exhaust valve of an 

: 3 A further object of the present invention is lo enable a ^y*^""^^' "^^""^ positive power engine operation. Tlie 

second fiUiug operation to occur in a four-stroke engine after aPP^ir^l"^ according lu ihc present mvcnliun also includes 

O lop dead center compression during what would Jlherwise ^'T^^"' operating at least one intake valve of the engine 

L= be the power stroke. **n cylinder, and means fur operating at least one exhaust valve 

^ v-» ,*„.u— ^u- . f.u . • -1 of the enviine cvlinder durine an eimine brakina ooeratiou. 

Yet another object of the present invention is to provide a ^ • , ^ " '""'"^ up^iauuu. 

mechanism for disabling normal exhaust vaWc motion in , ^""^ ^""^ operating at least one exhaust valve during 

order to engage a second compression release type braking positive power engine operation includes an exhaust 

event during the engine cvcle. ^^^^^^ ^^^^ ^ operated by a exhaust rocker arm cam. The 

v^f .^^.k^ w , f .u' . • J 4'i exhaust rocker arm cam mav be provided on an overhead 

Yet another object of the present invention is 10 provide a r. f • ' 

A. 11 ,u . t 1 L cam shaft ot an engine. 

full authority valve control system 10 enable the engine to . ^ . 

assume a greater range of control over the actuation of the , """"^ operating at least one exhaust valve during 
valves than is available with present systems. positive power engme operation includes exhaust valve 

A yet additional object of the present invention is to f ^^^^mS means for engaging the at least one exhaust valve 

provide a full authoritv vnlve actuati^on .svstem that is usable ZtfT t f ^"V'*''"'' 

on both positive power and in braking operation through the f/^^"""^ T^'^^ ^f^^mg means releasably engages a pin in 

cm*. nr..,,,,r,.* ^ the crosshead ot the at least one exhaust valve. Ihe exhaust 

Same apparaius. , 

A A^i-r I u- f 1. • • • valve engaging means prcterablv includes a lash adjusting 

An additional object of the present invention is to provide ^.^^ly. ITie lash adjusting assembly preferablv is hvdrau 

a valve actuation and control system that is reliable and ,i,,ny operated. According to the present invention, the 

owcr i c°r2n ' "P"'''^"^ ^"'^ '^^^"^^ ^'^^^^ 

power operation. ^^^^^ exhaust valve normal operation during the 

Another object of the invcniion is lo eliminate the need lo encine braking operation 

set a lash manually for the brake bv using automatic lash tk^ m^ .ne fv^r r..,^r.t.r.r. ti,« » • . i 1 

ad usicrs • » ine means for operating the at least one intake valve 

JUS crs. 60 operates the at least one intake valve during the positive 

It IS another object ot the pre.seni invention to provide power eni;ine operation. The means for operating the at least 

automatic lash adjusters for positive power ^ne intake valve delavs the operation of the at least one 

It is yet another object of the invention 10 more deeply intake valve during the engine braking operation. The means 

miegrate the engine brake design with the design of other tor operating the least one intake valve includes an intake 
engine overhead components. 65 rocker arm that is operated by an intake rocker arm cam. Tlie 

It is another object of the present invention to provide intake rocker arm cam may be provided on an overhead cam 

effective second cycle internal combustion engine bfaking. shaft of an engine. 
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The means for opcraiing the least one intake valve 
includes intake valve engaging means tor engaging the at 
least one intake valve to etfectuaie operation of the at least 
one intake valve during the positive power engine operation. 
The intake valve engaging means releasably engages a 5 
crosshead operating at least two intake valves, 'ilie intake 
valve engaging means delays operation of the at least one 
intake valve during an engine braking operation. The intake 
valve engaging means comprises a lash adjusting assembly. 
The lash adjusting assembly is preferably hydraulicaily 
operated. The lash adju.sting assembly preferably retracts to 
a braking position during the engine braking operation such 
that the operation of the at least one intake valve is delayed. 

The means for operating the at least one exhaust valve of 
the engine cylinder during the engine braking operation 
accomplishes at least one braking operation for the at least 
one exhaust valve during an engine cycle. The means for 
operating the at least one exhaust valve of the engine 
cylinder during the engine braking operation includes a 
brake rocker arm that is operated by a brake cam lobe. The 
brake cam lobe may be provided on an overhead cam shaft 20 
of an engine. The brake rocker arm engages a crosshead pin 
for the at least one exhaust valve during the at least one 
engine braking operation. The brake rocker arm disengages 
the crosshead pin during ihe positive power engine opera- 
tion. 25 

'Ihe means for operating the at lea.st one exhaust valve of 
the engine cylinder during the engine braking operation 
accomplishes two braking operations for the at least one 
exhaust valve during an engine cycle. 

The means for operating the at least one exhaust valve of 
ihc engine cylinder during the engine braking operation 
includes means to accomplish an exhaust gas recirculation 
event. 

Tlie present invention is also directed to a method of 
performing multi-cycle engine braking. The method ,^ 
includes the steps of performing a first compression release 
event, performing a second compression relc;iiic event, and 
opening at least one intake valve. The method further 
includes a step of performing an exhaust gas recirculaiioD 
event preferably occurs at the conclusion of said hrst com- 
pression relea.se event. Tiic step of performing the first 
compression release event may include the steps of opening 
at least one exhaust valve to effectuate engine braking, and 
closing the at least one exhaust valve after predetermined 
time. The step of opening at least one exhaust valve to 
effectuate engine braking may be initiated prior to comprcs- ^5 
sion top dead center. The step performing the .second com- 
pression release event may include the steps of opening at 
least one exhaust valve to effectuate engine braking, and 
closing the at least one exhaust valve after predetermined 
time. The step of opening at least one exhaust valve to 
effectuate engine braking is preferably initialed prior to 
exhaust top dead center. The step of opening at least one 
intake valve preferably in the vicinity after exhaust top dead 
center. 

It is to be understood that both the foregoing general ^- 
dcscripiion and the following detailed description arc exem- 
plary and explanatory only, and arc not restrictive of the 
invention as claimed. The accompanying drawings, which 
arc incorporated herein by reference, and which constitute a 
part of this specification, illustrate certain embodiments of ^0 
the invention and. together with the detailed description, 
serve to explain the principles of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Tlie present invention will now he described in connec- 65 
tion with the following figures in which like reference 
numbers refer to like elements antl wherein: 
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FIG. 1 is a graph of crank angle (in degrees) versus valve 
lift (in inches), depicting a positive power curve typical of 
the prior art and engine piston motion; 

FIG. 2 is a graph of crank angle (io degrees) versus valve 
lift (in inches) of a conventional engine brake, representative 
of the prior an and engine piston motion; 

FIG. 3 is a graph of crank angle (in degrees) versus valve 
lift (in inches) for ihc two-cycle braking process and appa- 
ratus of the present invention and engine piston motion; 

FIG. 4 is a plan sch^alic view illustrating the dual cam 
arrangement and defeated brake rocker for a compression 
relcasc-iypc cngiiy^rakc according to the present invention; 

FIG. 5 is an overhejtkvicw of an exhaust rocker arm 
according to the pr^jm invention; 

FIG. 6 is a cro.ss-sectional view of the exhau.si rocker shaft 
of FIG. 5 along section line I — I; 

FIG. 7 is a partiaKm)SS-sectional view of the exhaust ^ ^ «>0 ^ 
rocker arm of FIG.^long section lines II— II and III— III; . 

FIG. 8 is a partial cro>i<iscctionaI view of the exhaust 
rocker arm of FIG. 7 ak^ng section line IV — IV, 

FIG. 9 is an enlarged c^ss-scction view of a lash adjuster 
for use on the cxhausramckcr arm of FIG. 5; 

FIG. 10 is an overhead view of an intake rocker arm 
according to the pj^enl invention; 

FIG. 11 is a partiaJ/&oss-.scciional view of the intake y ><Jb CL? 
rocker arm of FIG. J^long .section lines V — V and VI — VI; 

FIG. 12 is a cross-seirtional view of the intake rocker arm 
of FIG. U along s^on line VII— VII; 

FIG. 13 is an overhead view of a brake rocker arm 
according 10 the present invention; 

FIG. 14 is a partial crp8^-scciional view of the brakcX^uJb ^ 
rocker arm of FIG. 13 aJ^g section line VIII— VIII: 

FIG. 15 is a partial cross-scciionaj/^icw of the brake 
rocker arm of FIG. 14 along scctipff^ne IX — IX; 

FIG. 16 is a side vievyfTfiap^^ausi rocker arm according 
to an alternate the present invention; 

FIG. 17 is a sidc/iew of an intake rocker arm according 
to an alternate e^odiment of the present invention; and 

FIG. 18 i^/aplan schematic view of the cam arrangement 
and dedk>dTed rocker for a compression release-type engine 
brake^cording to a preferred embodiment of the present 
inv^lion. 

DETAILED DESCRIPTION OF THE 
INVENHON 

Reference will now be made in d^ail to a preferred /_SwP^ 
embodiment of the present inventbrf; an example of which 
is illustrated in the accompanym^rawings. FIG. 4 and FIG. 
18 illustrate a schematic viej/of the valve side of dual cam 
shaft arrangement and dirfficaied brake cam rocker for a 
compression re lease -tvJe engine brake assembly 10 accord- 
ing to the present iiweiiiion. Tlie compression release engine 
brake cotuponeni^and the valve actuation components are 
located in rock^arms 100, 200, and 300. 

The rocker arms 100 200, and 300,^ spaced along a 
common rocker .shaft 11 having aM^st one passage. Tlie / --^ 
common rocker shaft U has a^ff&sage 12 through which a y^tJp^ 
supply of engine oil liowspi^ethrough, as shown in FIG. 5. 
The common rocker st><m II also has a supply paswge 13 
which supplies hvjjpifulic fluid 10 an exhaust rocker arm 100 
atid an intake aai^ker arm 200. A valve 30 is located on the 
common i^oeJver shaft 11, as shown in FIG. 5. The valve 30 
is prefep<mly a normally open .solenoid valve, as shown in 
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FIG. 6, II, however, is coniemplaicd by tji^' inventors of the 
present invention that other suitable i^flves may be substi- 
tuted and are considered to he withjinhc scope of the prcscm 
invention. The valve 30 includes a connector assembly 31 
for electrically connecting thyvalvc 30 to a vehicle voltage 
source, not shown. The val^30 when in an open |X)sition 
permits the flow of hydraiUfc fluid from passage 12 to supply 
passage 13. The rockcr^ms 100, 200 and 300 correspond 
to a cam shaft 20 havi^ three spaced cam lobes 21, 22, and 
23. Exhaust cam lojw 21 corresponds to an exhaust rocker 
arm 100. Intake cj^ lobe 22 corresponds to an intake rocker 
arm 200. Brakr^am lobe 23 corresponds to a brake rocker 
arm 300. The^haust cam lobe 21 and the intake cam lobe 
22 are orieyed and limed to etFect normal valve operation, 
as in a tymCai four-stroke internal combustion engine, of the 
type knc^n in the prior art. 

Tlie brake cam lobe 23 includes a fiprf compression 
release lobe. lu a preferred embodimenK^ie proftle of the 
lobe starts at about 35'*. The first coiifpression release lobe 
is timed to start about 40° befjx^compression top dead 
center (TDC). then reach ma>^um opening around com- 
pression top dead center, piwi start closing after compres- 
sion lop dead center sia^ifig partially open for a period and 
then closing around h^m dead center, and finish just after 
compression TDC/A .second lobe is timed to start about 
1000 after c^^ession TDC and finish by 200* after 
compressioi 

Means for effecting exhaust valvp*^peration will now be 
described in connection with FK^8^5-9. llie means includes 
an exhaust rocker arm lOOtk^i is rotatably mounted on the 
common rocker shaft first end of the exhaust rocker 
arm 100 includes ap^haust cam lobe follower 110. ITie 
exhaust cam lobp/follower 110 preferably includes a roller 
follower 111 ],K^ is in contact with the exhaust can lobe 21. 

A second end of the exhaust rocker arnildl) has a lash 
adjuster 120. The lash adjuster 120 is adjiKj^ to a crosshead 
130. The lash adjuster 120 is dcscribc^i^ detail below. The 
crosshead 130 is preferably a brichj/dcvicc that is capable 
of opening two exhaust valves simultaneously, I'he exhaust 
rocker arm 100 also inclu^l^ a conlrol valve 140 ihat 
includes a spring ball ass^ffibly 141. The control valve 140 
is in coraraunicalion i^ib a lluid piissagcway 150 that 
extends through ihe/fexhau.si rocker arm KM) to the lash 
adjuster 120. Thc^nirul valve 140 is also in communica- 
tion with a fluK^assagcway 160 that extends between the 
conlrol valvVi40 and supply passage 13 of the common 
rocker shaJJr 11. 

e passage 12 is connected lc)^j»«tssage 14 which supplies 
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exhaaster rocker arm 100. The lash adjuster 220 is adjacent 
to a crosshead 230. The lash adjuster p29 is described in 
detail below. The crosshead 230 is aLsft preferably a bridge 
device thai is capable of opening two intake valves simul- 
.5 tancously. The intake rocker arm 20|f) also includes a control 
valve 240. The control valve 240 ji in communication wiih 
a fluid passageway 250 that exfcnds through the exhau.st 
rocker arm 200 to the lash adjasier 220. The control valve 
240 has the same construcjron as the control valve 140 
10 described above in connecj,mn with the exhaust rocker arm 
100. The control valve 240 is also in communication with a 
fluid pas.sageway 260 thaff extends between the conlrol valve 
240 and supply pa.ssa§/l3 of the common rocker shaft 11. 
The pa:>6agc 12 is connected to passage 15 which supplies 
^•^ hydraulic fluid to provide lubricatiou^beiween the exhaust 
rocker arm 200 and the commoi/ rocker shaft 11. The 
passage 14 also supplies lubricam/fhrough passage 17 to the 
exhaust cam lobe follower 2i0^ch that the roller follower 
211 smoothly follows cam t^. Alternatively, the common 
rocker shaft 11 may be provWed with a third passage 18, as 
shown in FIG. 18. The Ihii^ passage 18 supplies lubricant to 
the cam followiug 110/210 and 310. 

Means tor effecting two cycle engine^aking will now be 
described in connection with FlGir 13-15. I'he means 
includes a brake rocker arm 300th1u is rotatably mounted on 
the common rocker shaft IL/ffirst end of the brake rocker 
arm 300 includes a brakcydm lobe follower 310. The brake 
cam lobe follower 31ft^ferably includes a roller follower 
311 that is in conia^>(v\'ith the brake cam lobe 31. 

A second end of the brake rocker arm 30(Udis an actuator 
piston 320. The actuator piston 320 is/^ccd from the 
crosshead 130 of the exhaust rock^arm 100. When 
activated, the brake rocker arm 300/^ ihc actuator piston 
320 contact the crosshead pin 133^of the crosshead 130 to 
open the at least one exhaust Valve. The brake rocker arm 
300 also includes a conization control valvc/solcnoid 
valve 340. The valve 34j/is in communication with a fluid 
passageway 350 ihaio^cnds through the brake rocker arm 
300 to the aciuam/piston 320. The valve 340 is also in 
communicationywiih a fluid passageway 360 that extends 
between the yrf\'e 340 and passage 12 of the common rocker 
shaft 11. Tjjc valve 340 is preferably includes an electroni- 
cally opG^ted solenoid valve. The valve 340 includes a 
conncc^r assembly 341 for electrically connecting the con- 
irol^vc to a vehicle — ^which supplies voltage at the proper 
til 

The above-described brake rocker arm SpflT includes a 
valve 340 including a solenoid valve mouqt^ on the rocker 
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— r — ^ .v.....w...vwjv^u.».sv »-r .....w.i ouppiiEo vaiv6 JHU inciUQing 3 50160010 valve mounted on the rocker 
hydraulic fluid to providcUiWlcalion bclween Ihe exhaust arm 300. It is contemplated and prefero^by the inventors ^LjT' 



rocker arm 100 and Ljjd^ common rocker shaft 11. The 
passage 14 also simptfes lubricant through passage 15 to the 
exhaust cam loj^e^llowcr 110 such that the roller follower 
111 sraoothJj(^llows cam 21. 
^ttfcl^^^^Means for effecting intake valve operation will now be 
^'^^ described in connection with FIGa. 10-12. The means 
includes an intake rocker arm 200/fhat is rotatably mounted 
on the common rocker .shaft A first end of the intake 
rocker arm 200 may include intake cam lobe follower, as 
described above in connect! 
The intake cam lobe 
intake cam lobe 22. Hi 



of the present invention that the valv^40 may be relocated 
to the common rocker shaft 11/As shown in FIG. 18, 
solenoid valve 344 is locatedjem the common rocker shaft 
11. With this arrangemenlyamy difficulties with electrically 
55 connecting the valve to the vehicle are avoided hecau.sc the 
solenoid valve would/not rotate with the rocker arm. The 
rocker arm 300 wj/iid include a control valve 342 therein 
similar to cont^ valves 140 and 240. described above. 



Hydraulic fluid would then be fed to the rocker arm 300 
Tn with exhaust rocker arui 100. through ihe/solenoid valve 344 on the common rocker shaft 
210 is in contact with the 11 to ih^conirol valve on the rocker arm to operaie ihc 
ever, it is coniemplaicd that other actuator portion 320. 



cam followers, sucl)4s, for example, a roller follower are As .shown in FIG. 18, hvdraulic fluid is .supplied to ihe 

considered to be /Ithin the scope of the present invention. system 10 by a pumping a'ssembly 70(M) or other suitable 

A second end of the imitkc rocker arm 2(H) has a lash 65 assembly for supplying pressurized fluid. The pumping 

adju.sicr 220. The lash;Klj».sler 220 has the same tle.sign as assembly 7000 is preferably connected to a hvdraulic fluid 

the lash adjuster l2JKte.scribcd alxwe in connecnion wiih the source S«M)0, .such as, for example, an engine oil pan. 
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The brake rocker arm 300 preferably interacts with a 
spring assembly attached to the common rocker shaft 11. 
The spring assembly engages the brake rocker arm 300 to 
return the rocker arm 300 to a rest position when the rocker 
arm 300 is not in asc (i.e., during positive powcr). 

The lash adjuster 120 will now be described in connection 
with FIG. 9. The lash adjuster 120 is moufnied in the second 
cod of the exhaust rocker arm 100, as s|(own ia FIG. 9. The 
lasb adjuster 120 includes an inuer plunger 121 and an outer 
plunger 122. Tlie outer plunger 122 includes a ring 1221 tbat 
is positioned within groove 170 ^hin the exhaust rocker 
arm 100, as shown in FIG. 9. T?lic inner plunger 121 is 
slidably received within the outer plunger 122. lu operation, 
hydraulic fluid flows into a cavity 1211 in the inner plunger 
121. As the cavity 1211 fills/ith fluid, the check ball valve 
1213 is biased downwardly lo open aperture 1210 in the 
inner plunger 121. Hy6o&u\lc fluid then flows into cavity 
1222 in the outer plunoer. /\s the cavity 1222 is filled with 
fluid, the outer pisionA21 moves downward to an extended 
position to engage crosshead pin 130. The downward niove- 
menl of the oui«/pision 121 is limited by the ring 1221 
engaging the lo^r surface of groove 170. 

'ITie lash adjuster 220 has a similar construction to the lash 
adjuster 120, described above. The lash adjuster 220 
includes an additional assembly to limit the upward travel of 
the outer plunger 222. lliis expands the lash between the 
rocker arm 200 and the crusshcad 230. This permits the 
delayed opening of the intake valves when the lash adjuster 
220 is in a retracted position. 

It, however, is contemplated by the inventors of the 
present invention that other suitable lash adjusters including, 
but not limited lo. electronically operated lash adjusters and 
mechanically operated adjusters may be substituted for the 
above described hydraulic lash adjuster. These variations 
and modihcations arc considered to be within the .scope of 
the present invention. 

FIG. 3 depicts the exhaust valve opening and/rcmaining 
open for optimum engine braking. FIG. 3 bcgifjs at the TDC 
of the first compression stroke. AdditionaJJ% the extended 
plateaus shown during which the exh^i valve remains 
open but with a reduced valve opcfrfng, permits drawing 
exhaust gas from the exhaust ma;iifold into the cylinder as 
the piston travels away from th/cylinder head. The exhaust 
valve closes and the entran^d exhaust gas is compressed 
and then released providj*rfg a second engine braking cycle. 
Subsequently, the iniajee valve opens, air is drawn into the 
cylinder and compre^ed and then released providing a first 
engine braking c^^e. Subsequently, the intake valve opens, 
air is drawn ir^o the cylinder and compressed repeating the 
two-cycle b^ing. The intake valve's opening is modified 
(from its o^itive power liming) lo occur after TDC of the 
second bnking cycle to insure ihe compressed cxhausl gas 
is noiy^nied into the intake manifold. 
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adjuster 120 is in contact with the cro,sshead 130. When 
pressure within the control valve 140, specifically ihc spring 
ball a.sscmbly 141 equah'zcs a hydraulic lock forms which 
allows the lash adjuster 120 to remain in an extended 
5 po.sition. Accordingly, the exhaust rocker arm 100 will 
activate exhaust valve openings in respon.se to exhaiLst cam 
lobe 21. 

The operation of the intake rocker arm 2/6o during posi- 
tive power operation will now be descrijftd. As described 
^0 above in connection with the exhaust flOckcr arm 100, the 
solenoid valve 30 is in an open pos^oo. The spring ball 
assembly 241 of solenoid valve 30 permits the flow of 
hydraulic fluid from passage 12 to^upply passage 13. Fluid 
then flows through passagewa^60 lo control valve 240. 
1- The control valve 240 is unsea^d to allow hydraulic fluid to 
flow through passageway ISjfio lash adjuster 220. The lash 
adjuster 220 Ls extended loA fully extended normal operat- 
ing position such that the lash adjuster 220 is in contact with 
the cros.shead 230. Tliy control valve 240 operates in a 
similar manner to control valve 140, described above, to 
form a hydraulic loc/ that allows the lash adjuster 220 lo 
remain in an exteii^ed position. Accordingly, the intake 
rocker arm 200 yfill aciuaic intake valve openings in 
response to intake /cam lobe 22. 

The operation of the brake rocker^ffri 300 during positive 
power operation will now be d^s^nbed. llie solenoid valve 
340 is closed. During posiliv/puwcr the solenoid valve 340 
remains closed. Accordifigly, the actuator piston 320 
remains in a seated po^on, as shown in FIGS. 14 and 15. 
ITie brake rocker arpOOO will remain in a disabled position 
during positive gi^'er. 
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operation During Positive Hower 

The operation of the exhaust rocker nrm lOO^ifTnow be 
described during positive power operation^Ddriug positive 
power, the control valve 30 is opened JCh^oniroF valve 30 
is preferably a normaUy open ihree;^?^ .solenoid valve. Tlie 
.solenoid valve 30 permits ihc^M^ of hydraulic fluid from 
passage 12 lo supply pa^srt^ 13. Fluid then flows through 
passageway 160 \Ci/^XTcA valve 140. The spring ball 
assembly 141 c^^^rik control valve 140 is unseated to allow 
hydraulic time to flow through pa.ssageway 150 to lash 
adju.sier 120. The lash adjuster 120 is extended lo a fully 
exienil^ normal operating position such that ihc lash 



lie fluid to I 
45 to retract, i 
the engine 
providti 
rocke^arm 
poynon. 

.^0 Tlie operation of the intake rocker arm 2pflrwill now be 
de.scribed during an engine braking ojreraiion. During 
engine braking, the .solenoid valve 30 iy^eraied to stop the 
flow of hydraulic fluid through pas^ge 12, as described 
above. A control valve 240 is operated to vent the hydraulic 
55 fluid in .1 similar manner as dejwnbed above in connection 
with the exhaust rocker arm lOfT The preset .slop of the lash 
adjuster 220 prevents the Ash adjuster 220 from fully 
retracting. Accordingly, Ure intake rocker arm 200 is not 
fully di.sabled during the/fengine braking operation. The total 
60 cam lift «.if the intakeA:am lobe 22 is not transferred into 
valve lift. This ha.s/ne eflcct of delaying the time event to 
occur after exhaust top dead center. Tlie opening of the 
intake valve is d^ayed due to the partially retracted iX)sition 
of lash adjuyfcr 220. The opening is delayed until the 
65 cylinder is waited through the open exhaust valve immedi- 
ately folloifring the .second compression braking cycle, as 
shown ii/FICi. 3. . 



Operation of Intake and Exhaust Rocker Arms 
During Braking 

Tlie operation of the exhaust rocker arni/Kfo will now be 
described during an engine brakino/^e ration. During 
engine braking, the solenoid valve 3^^ operated to stop the 
flow of hydraulic fluid ihroueJ)/p3ssage 13. The control 
40 valve 140 is opened. This perpms the hydraulic fluid trapped 
within passageway 150, asdescribed above in connection 
with the positive po\vjj/operaiion to be vented. Tlie spring 
ball assembly 141 jji^enis the additional .supply of hydrau- 
ay 150. This causes the lash adjuster 120 
result, exhaust valve openings cease during 
raking operation, A spring, not shown, may be 
prevent vibration and chatter of the exhaust 
100 when in the above described disabled 
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